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398a Monday, February 27, 2012effective against strains of multidrug-resistant P. aeruginosa, methicillin-
resistant Staphylococcus aureus , and a few other ’superbugs’ (Cherkasov
et al., ACS Chem. Biol., 2009, 4 (1), pp 65-74). The peptide has also been ob-
served through in vivo tests to be greatly pathogen-specific, hence proving to be
a great candidate for developing future antibiotics.
To understand the mechanism of activity of this peptide against bacterial mem-
branes, we have performed a number of all-atom simulations, together with
a series of circular dichroism spectroscopy (CD) and isothermal titration calo-
rimetry (ITC) experiments. The small size (9 amino acids) and great charge
density of HHC-36 make it problematic (if not unreliable) to find the structure
of HHC-36 through conventional spectroscopy and/or crystallography
methods. We have thus performed microsecond-scale molecular dynamics sim-
ulations, starting from an unfolded structure of the peptide, to find its folded
structure. An amphipathic turn structure has been obtained, which was ob-
served to be very stable over few hundred nanosecond timescales of simulation.
This result has been compared to circular dichroism spectroscopy results, and
the presence of the turn structure has been verified. To assess the stability of the
observed structure, we have also performed temperature-dependent simulations
and CD measurements, which have shown the stability of the turn structure at
close-to-physiological temperatures.
The obtained structure is then used in peptide-membrane simulations
with a few different membrane compositions mimicking both bacterial and
animal cell membranes. Profiles of the potential of mean force have been ob-
tained, and the relevant binding parameters extracted from these simulations
are then compared with the binding free energies obtained from ITC
experiments.
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Outer membrane pore-forming proteins play an essential role in survival, adap-
tation and response to environment of Gram-negative bacteria, and contribute
for invasion of host organisms and even for drug resistance of such pathogens.
These membrane proteins form large and almost unspecific ion channels
through the membrane and a lot of effort was made to determine and to justify
the ion selectivity of these pores (Alcaraz et al. 2009). Altough there is some
sequence and structural similarities between porins PhoE from E. coli and
VCA1008 from V. cholerae (Goulart et al. 2009) their selectivities for different
inorganic ions seem to be quite different. On the other hand, molecular dynam-
ics simulation of large systems are now reliable and should give detailed atomic
information about ion dynamics though the channel, charge distribution and
specific interacting site. Molecular dynamics simulations of the related porins
OmpC and OmpF from E. coli, were recently presented and some of these
aspects were explored (Biro´ et al. 2010). We have built up two systems, one
for PhoE (PDB ID: 1PHO) and another one for VCA1008 (constructed by
comparative modeling, Goulart et al. 2009), consisting of the channel trimer
embedded in a DPPC lipid bilayer. A constant electrical field will be applied
for different ionic concentrations of LiCl, NaCl, KCl and CaCl2. The conduc-
tance, charge distribution and the identification of binding sites for each
condition should be compared with experimental results. The elucidation of
the charge-controlled mechanism inside the channels could emerge from our
approach.
[1] Alcaraz et al., Biophysical J. 96 (2009) 56-66.
[2] Biro´ et al., Biophysical J. 98 (2010) 1-10.
[3] Goulart et al., FEMS Microbiol Lett 298 (2009) 241-248.
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Membrane proteins whose structures and functions are defined by the orienta-
tion of each transmembrane (TM) helix play crucial roles in many cellular pro-
cesses. Various polytopic membrane protein structures have been determined
by crystallography/spectroscopy. However, it is still challenging to obtain the
structural information of membrane proteins with small numbers of TM heli-
ces. Computational studies can play a vital role by providing structural models
of such TM assembly. Yet, TM assembly modeling itself is intensive even in
finding interfacial (contact) residues of a bitopic TM dimer because of multiple
degrees of freedom (DOF), such as helix-helix distance, crossing angle, and ro-
tation angles along each TM. Moreover, it is usually assumed that the interfaceof mutated TM helices resembles that of the wild type in most molecular dy-
namics (MD) simulations. Such an assumption may be problematic because
of incomplete sampling due to strong interactions between interfacial residues.
The replica exchange method may overcome such difficulties, but the potential
of mean force (PMF) along the reaction coordinate(s) is not generally available
and its applicability to all-atom explicit lipid bilayers is limited. We address
these issues by the method of window exchange umbrella sampling MD
(WEUSMD), in which windows along a certain helix DOF are exchanged.
To illustrate its efficacy and advantage, we apply WEUSMD to a dimer of
pVNVV TM model, an analog of GCN4 leucine zipper, whose initial configu-
rations are away from the optimal TM dimer structure. In addition, we apply
WEUSMD to a glycophorin A TM dimer to obtain the PMF with respect to
helix-helix distance and crossing angle to investigate the energetics and mech-
anism of the association.
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The budding of enveloped viruses is a complex multi-step process requiring al-
terations in membrane curvature and scission at the neck of the budding virion.
M2 is a pH dependent matrix protein from influenza virus widely known for its
role in virus uncoating and used as a target of the amadantine flu-drug that pre-
vents ion transport. An additional and lesser known role played by M2 relies on
collective effects where M2 clusters have been hypothesized to induce local
membrane curvature resulting in a reduced energetic cost associated with the
bending of the membrane, and where the budding of virus particles takes place
on a cholesterol dependent manner(1).
We carried out molecular dynamics simulations to study the local composition
and structural properties of curved membranes with lipid composition ratios
A:B:C=4:1:x, x={0,1/2,1,2} (A=DOPC, B=DOPE, C=Cholesterol) and deco-
rated with M2 protein channels arranged at various geometries. Further, the in-
duced curvature effects produced by the M2 proteins is investigated and
compared to equivalent M2-free membranes via the evaluation of both, the
structural stress and the energetics of the model systems. This approach is
used as an initial step towards the formulation of phenomenological models
that quantify the thermodynamics of virus buddingmechanismmediated byM2.
(1) J.S. Rossman, X. Jing, G. P. Lesser, R. A. Lamb. (2010) Cell 142:902-913.
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Over 291 variants of amantadine, mw 113.2 to 437.5, have been historically
used as therapeutic agents for influenza A. These amantadine-like molecules
have been thought to function as intrachannel blockers in the M2 channel of
the influenza A virus. We explored whether these drugs fit in the central cavity
of the channel using simple simulation methods with the CHARMM force field,
the atomic coordinates of the solid state NMR structure for the M2 channel
(PDB ID 2L0J, model 1), and a full set of amantadine-like molecules, with var-
iations and titration states, gleaned from the literature. First, we examined the
optimal water packing in the central cavity of the rigid channel using random-
ized, annealed water insertion, which indicates that optimally it holds 882 to
1116 Daltons of water. Drugs were inserted into water-filled channels with wa-
ters deleted based on various oxygen radius parameters. A radius of 2.2 A˚ was
found to give optimal water packing. Sterically, the amantadine-like molecules
from the literature all fit readily within the central cavity, judging from drug
energies inside the channel compared to those of the drugs relaxed in vacuo.
Future work will focus on the relative energetics of drug binding and configu-
ration and the solvation of amantadine-like molecules in explicit water within
the central cavity. Support is from NIH AI23007 and a Mentoring Grant from
BYU.
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Integrin aIIbb3 is a heterodimeric cell adhesion receptor composed of a and
b subunits, each of which features an extracellular domain (ECD), a single
transmembrane (TM) a-helix, and an intracellular cytoplasmic tail (CT).
Monday, February 27, 2012 399aLike other integrins, aIIbb3 can signal bi-directionally through interaction of
its ECD with extracellular ligands (‘‘outside-in’’ signaling) or its CT with in-
tracellular proteins (‘‘inside-out’’ signaling). Notwithstanding the recent devel-
opments in structural biology of integrins, questions remain about the
molecular determinants that are responsible for protein activation and signal-
ing. To obtain rigorous mechanistic insights into aIIbb3 ‘‘inside-out’’ signaling
at an unprecedented level of molecular detail, we carried out microsecond-
scale all-atom molecular dynamics (MD) simulations of various experimen-
tally-based three-dimensional models of the TM and CT regions of aIIbb3 in
an explicit 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocoline bilayer, and in
the presence or absence of the F2-F3 subdomains of the intracellular activator
talin-1.
These simulations broaden our current understanding of the mechanism of
aIIbb3 activation by talin-1. Specifically, we observe: a) different interactions
between the aIIb and b3 CTs with or without the F2-F3 subdomains of talin-1;
b) a modulatory effect of F2-F3 on the aIIbb3 TM and CT structures, c) specific
electrostatic interactions between talin-1 F2-F3 and the phospholipid polar
groups; and d) flexibility of the linker region between the F3 and F2 resulting
in their re-orientation with respect to the corresponding crystal structure. Nota-
bly, these simulations reveal novel stable interactions between residues of the
aIIb and b3 CTs (E1005-K725, E1006-K729, and E1008-R736, respectively),
the aIIb CT and the talin-1 F3 (E1001-K316 and D1004-K364, respectively), as
well as the b3 CT and the talin-1 F2-F3 (E726-K316, E726-Q381, T753-N355,
F754-Y373, and R760-E293, respectively), the mutation of which may be wor-
thy of experimental testing based on their expected interference with aIIbb3
activation.
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A recent study showed that water forms cone-like structures at a vacuum or air
interface under a sufficiently high electric field [1]. This protruding water for-
mation may be a key step in the initiation of electroporation of lipid bilayers
and cell membranes. In molecular dynamics (MD) simulations of water-
vacuum-water (WVW) systems, we observe the intrusion of water into the vac-
uum region, similar to the pore initiation stage of electropore formation in
phospholipid bilayer systems [2]. Pore initialization time in WVW systems is
found to decay exponentially with applied electric field, consistent with simu-
lations of lipid bilayers [2]. Pore initialization time in WVW systems also in-
creases exponentially with increasing vacuum gap size. We analyze pore
creation, pore annihilation, and pore stabilization. By comparing the evolution
of the pore radius in both systems, we can begin to quantify how water and
phospholipids each contribute to the formation and stability of lipid nanopores.
1. Okuno, Y., Minagawa M., Matsumoto H., and Tanioka A. 2009. Simulation
study on the influence of an electric field on water evaporation. J Mol Struct
904:83-90.
2. Levine, Z. A., and Vernier, P. T. 2010. Life Cycle of an Electropore: Field-
Dependent and Field-Independent Steps in Pore Creation and Annihilation.
J Membrane Biol 236:27-36.
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The increasing demand for antibiotics has contributed to the investigation of
possible novel antibiotics by many researchers. For this purpose, experimental
and theoretical studies have been carried out to draw scientists’ attention to an-
timicrobial peptides and their interaction with the surface of bacterial mem-
branes. Their ability to disrupt the functioning of bacterial membranes has
been probed from different perspectives. The best possible choice of antimicro-
bial peptides are those which do not harm plant or animals’ membranes but
which disrupt bacterial membranes. It has been found that some cationic anti-
microbial peptides (CAPs) satisfy these requirements. CAPs interacting with
the outer membrane of gram-negative bacteria and the membrane of gram-
positive bacteria has been studied recently.We conduct a MD simulation study of peptide-peptide interactions in the phys-
iological solutions and investigate the mechanism of CAPs aggregation, since
aggregation of the peptides usually precedes formation of a pore in the mem-
brane. Different algorithms will be applied to calculate the potential mean force
of the aggregation process of peptides to select the most efficient one. Also, we
have run CD spectroscopy and Calorimetry experiments to predict the structure
of the peptide and measure the peptide-peptide binding enthalpy, and we com-
pare the results with our simulation data.The particular CAP studied is HHC-
10, a peptide designed by the Hancock group, which has 9 amino acid residues
and charge þ4.
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Molecular details of translocation arginine rich cell penetrating peptides through
lipid bilayers are still under debate. Any mechanism has to answer the central
question that how a highly hydrophilic peptide is able to cross the hydrophobic
core of lipid membrane. A possible mechanism involves the formation of a local
water defect in the membrane such that the hydrophilic residues of the peptide
are solvated throughout the translocating process. In this work, we calculate
the free energy of forming a water pore, the translocation of the peptide with
the pore formed, and translocation of the peptide without a water pore. Free en-
ergies are calculated along order parameters using umbrella sampling. The cal-
culations shows that free energy of transferring the peptide into the bilayer
through a path involving a water defect is lower than the path without a water
defect. The free energy of forming a pore is around 100 KJ/mol.We will discuss
the unsuitability of different pathways to describe the kinetics of peptide trans-
location. We expect these results could extend to arginine rich peptides, such as
antimicrobial and cell-penetrating peptides, in general.
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The Inositol-requiring kinase 1a protein (IRE1a) is a transmembrane protein
kinase essential for the endoplasmic reticulum (ER) unfolded protein response
that promotes cell survival by reducing the levels of misfolded protein. IRE1a
consists of an N-terminal luminal domain, a single-pass transmembrane span-
ning segment and a cytosolic region which contains a kinase domain and an
endoribonuclease (RNase) domain. Under conditions of ER stress, the trans-
membrane protein IRE1a oligomerizes to activate its cytoplasmic kinase and
RNase domains. Recently, we showed that palmitate is involved in ER stress
by increasing the kinase and RNase activities of IRE1a in human hepatocellu-
lar carcinoma (HepG2) cells. From our previous studies of palmitate in the
membrane, palmitate aligns with the lipids. It is expected that palmitate will
assume a similar conformation with the transmembrane (TM) domain, how-
ever, it is unclear whether palmitate binds directly to the TM domain or indi-
rectly alter the structure of the bilayer surrounding the TM domain, thereby
leading to enhanced association between the TM domains.
We combined experiments with molecular dynamic (MD) simulations to in-
vestigate the properties of the TM domain, the role of palmitate on IRE1a
dimerization and to elucidate potential interactions between palmitate and
TM domain. Since structural information of the TM domain of IRE1a is
not available, we experimentally determined whether the predicted TM do-
main forms a-helical secondary structure in DOPC liposome using circular
dichroism. In support of the MD simulations, we assessed whether palmitate
enhances TM dimerization in DOPC micelles using Fo¨rster resonance-energy
transfer. Further mutation study of the TM domain provided information of
how palmitate is involved in modulating the cellular activity of IRE1a medi-
ated by the TM domain. Finally, the computational and experimental studies
provided new insight into the role of palmitate on IRE1a activity during ER
stress.
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Various NMR observables, such as chemical shift anisotropy (CSA) and dipo-
lar coupling (DC) in solid-state NMR, and NOE-based distance and residual
dipolar coupling (RDC) in solution NMR experiments, have been used to
